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i. &mfr*f 

^wti^u^s/^v (as) fttzbz&m&mvy'd- system 

bZ&mmiT±ujf7*iS9JV&&& (ADC) CDM-f-^fMIWik (SNR) * 

;KZ)SNRtt*L<i#ao3nSo 

«t<ftie>nfcfiaji7^^ (LPF) AZMttJi ( "Mixed-Signal D 
esign Seminar" „ Analogue Device it, -tr ^ i> a >VI : 1-12, 1991^-) &3fE<c£ 

htv^o »^»©iSffiJS«ft± l /f ctfcfliu ^ ^-e f (iA^Mttt^i> 0 

i'HbMt^ C*fLTtt/W * (HPF) ©i?Cl^.5 0 L/c#oT 

^WI^©j^V^Jtf)^^T*£C6o CoainoftCtiAKR ( "A First-Order Cu 
rrent-Steering Sigma-Delta Modulator" „ IEEE Journal of Solid-State Circ 
uits, 26#, No. 3. 1991^3^, 176 -183 H) liLPF7- + r^f t OiS^E 
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ra©cMos*is«:iE*LTi<>£„ 

IbitO^ttSNR^^tSo Cominoft&7 2 kHz <Z)-5— Kfi-^M 

B P F A Z £9l&t;£ "7 4 - K ^ * ^ aiSC^figSSrEtt-r SIfcCtO Iff j$ £ 
n*o £©#m*©S«J&84#teteH (s) =s/ (s 2 +o> 0 2 ) "efeo, ::t 

GD^H^LT, *jg»iA*f^C»LTBLPFfi!)«J:^C, SfcM^bMWtC 

^HMi»©± i o~3 o%*£W- m; $ y^sn4:tms. 

ShoaeiKt:: «£ -Sl&lSfc ( "Optimal (Bandpass) Continuous-Time ZA Modulat 
or" , Proceeding ISCAS, 5#, 489 —492 1994*£) « Z A ^Pi££f9:ff "T 

© @^ t ps^-r * fc #>mmmm £ v ^ & 2 o © g m - c 

^nv-^? (Gm) -fe;W;ii^i£iHti^p D p®^ffc£:— ^©^il^- KWflE 
492K^-t^-> 3 >3.4 T(iShoaeiftte4&S^fbC=fc£~>7 h Stlfc^ygMM 
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equency Filters" „ Proceeding of ISCAS, 1989^, 114 —117 H) J± h ^ 

G= (l/RO + G T (1) 
irtl G T |<0. 2/Ri~C2k£> 0 feSi It, h^^*=i>^*>;xGl± 

^SM ^{£T-T 3 o 
Voorman PcOjtSK ( "Integration of Analog Filters in a Bipolar Process 
" , IEEE Journal of Solid State Circuits, SC-17 713 -722 H, 19823F 

©m^^^^^ : &^ffl•r^lsIP^^tg^cGm-tr;^ : &M^LTv^^o ua*Lfr*«e>, # 

a ; E-K«flEfil^i:#ftaC:«J:0^'fkSn, ^nfi^m^S^^l 0—1 S%\z 
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%jEOtt*&«£EKi|g^-rS^i:T?*>So d O^feteHei j i ft © PHH^TIEfc Gmt 

PMOS, P-JFETh7^^^*W5:i:t*)5, crniiiSSV^ii^ 
- F Jgift ft Jttt U d n f± 0 % ft *§« L ffiift ft fiT-T * afr^Sl^E - F 7 - F 
^fci&Sfcffco aftOA-f #-7-/nt7©PNP h ^ > * * 33 J: 

HiS^n-b^lii^IiT^D, Ltztf-iX£ 9i5firefc5o »J©^fet±, Ve 
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fiSR-efco, -t©^*^- F«ES:f±lftS«jc*ftPS^:"e&*o L^Lft* 5 ?*, -fe^ 

flJ&©lllWB A SlE9l»ffl©it«!^IW©PIKlBrtB^Gm 

FibfP^ti«v>SNRft^t^^e>^^^^ h;u^^^©^bfty-f 
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«t o T^il^E- k««e i cni c#f-ttfc - G f A* 5> + G f * -eSE-fbS n* ik^-c 
$ e>c a z$mm$n/2(DP<m : z- Y&$itt-**iE.<o*MMz.* i C m^ 

5>^3>^^^ © C * 2 & V << ± 5 y * ® H «rH«-r S „ 

d ££i5TtgC U ^hCioTl) DCA^Miat^tt^^ 1 Gh z * 
■eo«l©WgJS»ft%tt5LPFffcttBPF7-4rr^f tfeSlRU 2 
) *i«*ftm*«««iak^t5fc«>i:aix5-«:lfllL, 3) AS 

(dac) „ m^m^, K£W»-etefflsns:i fcfc-ef?*o 
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f s ©Mtt*x' (t) 5:t>^H, ;iTf siZ-fJ** h5SS"C&0, k 
»*IteH4Xi:12 8X0M©^-if>^'jy^JfC4>So tti^mffiy (k 

<IJ2o©1 tf-y h«jJfEtft«£DAC24=feflgfflLTfffen. - tltejEfiitr W£^T1iE 
ft 2 itmftLl^^ £ c "5I^S^«26^^ffl8i:*^l:^tt22i:or»r^ 

l°I!E"3Wj:^ig^l8te. h7^3V^ * >*G 1 **-rSH5£$nfcGm 
-tr;U28h, h ^ > X ^ y V 7 ? > XG T = a G f *^^ Z>mm"imti:Gm-iz Jl< 
30£^-A,T:fc9, d dTGfteS^SnAcGm-tr;^ h ^ 3 * 
2b 0, ■lr;P28i:'30tt5S*afc?!rK:S?»t$n'C*5O, SPt>4-fe;i'©M*Effl27:J3 

feztitzGm-tjisommAtiMtiMiWj&tisAit^n^nm 1 . ®2©»oi«a 

ffy-F16. 20«M£nT^£ o |HlEi^Itg^:Gm-tr;Wc7)^fi!jA*36i:^«7t±i^ 

mzA? * - ^fiti2, t&i ©*f©msK-a-nv— K20, le^n-^n 

J:oTH«;«ilfE«:af^L, RT3EaSE«B26^A^Sna«ffix ' (t) *&&.t 
H (s) =s/ (s 2 +<u 0 2 ) (2) 

r:-c«gSjS»(»o= C (gig t ) / (C1C2) ] 0,5 c$?li\, ^fii»© 
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*Q<B?lf*Si|I*f--?tt, A^^hA-X (s) ©««t±sts-ifo*-c«^snSo 
i^bft^^hA-Q (s) ttDC*»e>k f s ^-C(5(Ji^— t3^^$n*o ^ 

^3-C^SnTV»S«J;-5t3, M^fbSgW*^ h A-Q (s) fitii 

vfr n( S )= Q( * )($ +(Do) ^««^o n T-tfo*firr«j: 9K^«na±7 

s + as +b u 

^•ptit^^^h^N (s) 4><ZHf nfittS^^^^ h (s) ©te-^tt 
OiA^^hA-X (s) <7)4 I 'kJM$03|W|p£n<S>o ^JAtS, A^ft^-^ 

i^asn546ii, «ift»jcE!SFH (s) \ti / sizmmtzn, c: ntiSH>»© 

5^3T?^SnT^5 «fc-5t3, A^^hA-X (s) ttLPFCiO^^n 
5SNR*aftt5fc*, A2MSr^x (t) liA^*"^ H A-X (s) j&*n— 
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Hi 2 -^5*1X^3 J: ^C, A#*-^h;WX (s) #DCSr£trB#, ttJ7J3ft 

#^-?^h;i^N (s) »#tt^»tec>'N'f ^ Aasn5«t-5 ClSJ^ 

3n-So SMC it^^^b;VN (s) ©■tfnttHOLPF7-*f^f- + C 

*<SKa»3&:SNR%l6^-rSo ATJ^^bA'X (s) ©4 , 'C?ffii£#C;& s 0y* 
lOOMhztfe^tt, ft7J*t^X^ lWl'N (s) JiJiWA^S&W^^tttffl. 

^J3ifc#fcl^85t _ StE:ftB:tilJ 2 0 d B/2ttgESH»© S NRS:3fe&-r So 

S 0 ^!B«0iS46fiA^^-9-x (t) fc«8K^C£ift^*fc*©IS5£L;feGm 

@&52*E»rr5;fc&©I^W^fiEfr#^Si5<>£:, tB^ft-^y (k) Srl^WprtBfc 
£^§£50^7 -f - KAy ^-TS/ifeCD 1 1 tfy h D AC54 ; &^•^TV^•2)o IrI 

>^zj ^>7G3 i:G T2 h : &*-rsia^t/iGm-tr;U56*5cfcl>*|nIP"5Ttg^ 

Gm-tr;U58t, ^tl^fl* * rti/ * > X C 3 , C4%ttS* va°->^60, 62£ 

-ax-ess d, ^n^^n-€n^3. ^4a)^©TO^-itv- F64, Bmmiz&m 

H (s) = s/ (s 2 +a)! 2 ) (4) 
3 3T^ig^ ifc&tea^ C (G3G T2 ) X (C3C4) ] °' 5 \Z^LW 
(DXmm&L&te 0fr% + G f ^G T2 5:^btS; i:C«totDCi»P>#!ll Ghi 

-caMtsnSo 4*0A sgeii»44fi»c^:tr «to#^.6nsm*^^^ h^Y ( 
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s) $:tt2)o 

Y(S ) = X(s) Q(s)(s 2 -ko 2 0 )(s 2 h-^) 

(s J + as+b)(s 2 + cs+d) (s' + as + bXs^cs + d) 

h ;WN (s) %^^^«J;^Ca) 0 feJ:C>*a) 1 CfeV^T-tfa^*-r?>4^(7)^|51 

j&MSLv^-pcisiwsns;: fctf-etr, ^ n c J; o t iii:^ h is W t ® f^i 

Jt^f^^5^h;UN (s) CD-tf atifl-^^-?^ h ;bX (s) ©i«GS3 J: C 

h;uN (s) 05Si'|ia : &M / >-r ; So MAtf, «^-*^h^x (s) aiookh 
z<5f«|i:, DCCfcttS4M^a«»r loo^SMliDC 

Y)VX (s) W:4 0 OKh z©a?ttc1ifc, 1 OOMhzCHMftWSi: 
t, ^SIMI[{i^n-€n9 9. 8MhztlOO. 2 Mh z \zW\m^n^>o 

^ $ n t v ^ & * -y -f <d m m °r m ft a z £ m 7 o * /h v > x flu* $ n £ - 1 a* "e £ , 
cpiasn, 7-^?;Ws^y (k) *ftjj-fz>o •7u?^A-5!mi*7i??j\'y < 

)V?n^ L< y/^xJSEP (FIR) 7 -f ^^fi*fc»3S«SM«E* 

*Bfc*-r*fc«>, 7-f;^»$nfcf^^;i'i-i^s^>'^u ease© 
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m^y" (k) ^ai^-r^o 

tatim^y" (k) ©sNR^tmu mm^70£7 < )\, viicnpkmmmkyzm 
tfz>wko)%%t*iv Mi^#>iait£n, ^ fatten & 0 ifrfp'K 

-tr;U78t± h ^ V* ^ * ^^Gf^t-SH^LfcGm-b^SO^^/^V^ 

mmmtimz^^-cpi^^- Kiift i cm c#x^n^^»7^- k watted ± 

v (t) G f £f££-fS 0 HM^SiJ^e82fi««t«^- ; &2*j-0^^>'^(3^iiJL 

-tr^OD F^yxny^^y^^lktS. JUT a i:t5 2o©^7>fl8|(5t 
i?(ECD^Ef±«!lffli«£EV c K:J:«9l9:5£$nSo d ^Ji^E- Ki^S&^- 

«iffi#«£BC J: O^^n^S^E- Kfl|-f-oaJ^t±S^l3lK83C:«t «9 

^s&^sn-cfl-ftisn, ^nciottftt-FSiMiv (t) G f 

#tt£l&:feU *SK©#ty*»*S:~f&CU rnti a «:+ 1 TbS 1 ©lEHC-r* 

(t) fc«tt/«ij»«iEv c k ct <9mm2nz>mmftm%iW&&mL, mmmmm 



(17) 10-505479 

<Z>lfcfi6J#l8'CW\ Hl2<DGm-tr;W£a#0 1 fc<Z>HKi##-r * «fc -5 CiBIIKS 

»± j e-n j enffisc2 R&^-rsffi^cR 1 ©M*S5csaRsn-ci^ 0 1 3if©;W77 

mftEflg I s »±o. $ v *90, 92ii, teifcl&mfiEV e e liUMtoCg^AMC-^n-? 

fltE I cm^vV^f'So 

mffiv (t) tt^nfnh7y^^^Ql, Q2<7)-<-;*^&fe£tf94, 96&«£J 
oTA^784^«j^j^#fc^$n^ 0 :niifiSR14««^tIffiv (t) 

J; -jTII I qi (t) =I cm +v (t) /2R£I Q2 (t) =1 
cm -v (t) /2R«nfnh7y-^X^Ql, Q2©3l/^^98, 100 £ftE 
-tr^80O h yy? ? G f tefi G f = ( I Q1 (t) - I Q2 

(t) ) /v (t) =l/RCJ;^if,n^ 

m^7>i>J^e82fi2^(7)M«7WC^$n/iNPN h7>y^^Q3, Q4, 
Q5, Q6^fLTV>^o h7>y^^Q3, Q 4 (£>i 5 -y ? 102. 104 
i5tl*Cf-;HlI cm +v (t) /2R^h7y^7^Ql©nU;?^98^ 
#M£U SfcF7>y7^Q5, Q 6 ©Ji 5 y * 106. 108te^jf^£;H. RVIt — 
MII cm -v (t) /2Rfeh7y^7^Q2©3l/^^100 Aft^t^o h 
7>yX^Q4, Q5cZ>^-/U10. 112 tiiE©m£E/— K114 ^jg«5*n, Q 
3, Q6(D-?->U16. 118 «A©mffiy'— K120 ^ig^n^o 

®J^BBEV c (i h ^yjJ^i'C^-^x? >y ^m£ESr«iJ»-r*fc86AfeJ;t/iE 
£>y--K120. 114 ^®j^C^$n, ^ni:J:oTh7y^7^Q4, Q5 

teGiak -tn^cD*^— ;um*jfE*#mu h7y->*7^Q3, Q6« (i-g) 

HI. ■*fte><Z>#7 l --;i/m8iE«:#mU r^T-O^G^lt^So V c #;*:£<, 
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3. Q6«^K±^:T©#x-;W«J?it^#m-r'5)o V c =0®J:t, G=l/2 

««E1HI»IlIiS122 t±GCDfi«:S^-r*fc*ClBlJ!9«fiEV c %^-rSo 
2 ti 1 SttOfJ * — KftttSnfcNPN h ^ >^^^Q 7, Q 8 %'i5 - A^"C33 "9 , 

^nti^o ■tn&cD.x.s y *i30, 132 t±-tn- : eniE*5«j:t/Ao«ffiy — ki 

14. 120 ^jgiftSn*o "5J^m#E^134. 136 l«nfhh7>i?^^Q7, Q 

V c = V t 1 n ( I 2/ II) (6) 
7>SUa57>Gt±JUT©M^C Lfc**oT1M»«ffiV c CJ£gLT0 i: 1 ©WeSS 

V /V 

G = - C v',V (7) 
1 + e c ' 

* 6 OV c S:*7 CftAtS t^^^t %tlZ> 0 

G= I 2/ (11 + 12) (8) 
Lfcj&*oT\ raSfH8#a = (1-2G) Jitti^mMl 1 I 2^^<k-r-5>^^(3 

£-|H]g&83«:fl|J5rrSfc«>, h7y^7^Q4, Q5tf)n 1^*138, 140 fi^n 
fnSMt/- K146, 148 Cfcl^T, h^>v*?Q6. Q 3 © =i V ? 9 142 
. 144^X^-^3*1^0 y— K148 ^flKn*«flttl±, (1-G) ( I cm -1- v ( 

t) /2R) +G (I cm -v (t) /2Rt?*>U, rn{iI C m+ (v (t) /2 
R) (1-2G) 13^LV^ 0 y-K146 ^JSnSfWi, 

^m - (v (t)/2R) (1-2G) Tr*^> 0 
y-Ki46. 148 ©:#|fijT?j|fcGm-fe;u78<z>aj;fc-<f >e-^>^{i-^n^n h 
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7y-^^^Q6, Q 4 Officii:, h7>^^^Q3, Q 5 ©ffi#[<£>3£?iJM"£r"^£> 

9, Ql 0A 5 il5^, ct-DTItl?) <E>H#ft[I]£&15(h 152 li^n^n/ 

-K148. 146 j&*e>*;i'©2£ESbffi;&88^«iilE So ^ n *1 54, 15 

6 t±afe«£EV re f^«§lKSnSo Lfcj&^T, mWj\ilUS8<Dl5fa-cn.timiJ 

PHHnTI6?5:Gm-fe/U78© h 7>7nyO * y^GfteAiMtJEE^-^-fc: J; K)fr 

G T = (1/R) (1 -2G) (9) 
£ £-e 1 /RliGm-b;W80©i£fclA<r&:H5£L;fc: h ^ 3 >^G f "C2b 
0, (1-2G) tt#fta-C*>* 0 Lfc* s oT, nTIg* h ^ > X =i * 

G T =aG f (1 0) 

£i»£*$-rSo Gm-b^WS'NiiKnS^a^-- KtiiltE I cm ttPlgH#»[a^e> 

pes) 158 ^m-rmm<D^>^)V3Ly vte&xfmMiz-y fisu^^lti^c 

BI8 at^Sn-CV^j;?!:, PCS158 tt^tiftiffiASf 164, 166 "Cjgtfi 
1 *f<Z>fiJf*** 1 (Di/y^Jl'^y KR«k*8«»160, 162 ^-^-ei^ g|8b-e 

^$nTv^*«t-5c pcsi58 t±3pj»*« i <D^mmm&\63 sr^-e^o, 

R2, R 3 tt*B«*163 (DftRmWliR&W&mV)^ l>£ 0 
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j&f&mffiv i t±ffi27«m64. 166 -e^a^E- k««e i cm %^*&-rsfc«>ifist 

R2, R3^oTft^nS. m^^l64, 166 K^WSifcSi^- K«EE 
A vO)mt&2 A vCDjftStfeKWSWffia^kfe^-rSo toTPCSIiRo/ 

sr^-rs^^^a^-Kiij^&siiSf-rSo sst-164 ©+a vtsimee ©- 

A vOtit- FWEE©2E4tttlft£iR2, R3&#ii0%mffiCi&»Lfcl\, Lfc 

g!9teia8 a*5J:l>*8 bt^HTV^PC S158 ©NPN@?S h *n^%^ 
LTV^o K<E*Bfi»160 (l^ftii*S«163 <7)Jt-» tiNPN h 7>^X^Q11 

Lt^n j e , ntii5nTv>^ 0 h^>v?*?Qi i ^ies »±m;fri« 

^164 cs&tsn, -ten U^* 170 li«V^^«ff«V cc C^$n, -^©x 
5 y *172 ttlIlI s l(:ti^nTV^?, 0 h7y^7^Ql 2<E>^-*174 « 
x^ -y^l72 CSHKSn, ^©n 1^*176 fctffi#tR4K:g$e3n, ^OxS* 

V ee C«i5ntV>?.o *B«*©ffi;&«EEte h7>v7^Ql 2 CD =J 1^*176 
^fj^aiSn, i5^7*a7Ay77 h7^^^^Ql 30^- *179 
M$n-5o Ql 3©^lx^^l80 t±iEO^*&«ffi«V cc K:M^*n, -^CxSv 

^ 181 t±«EKR3t3^tt$n-CV>* 0 

h7>-^^;Ql 1<£>^-;*168 K:*5lt-5+AV©«EEIE'fkttaEKR5 : S:«-W 

^mEE^itin-r-Sc zmttja*iR5, R4^m^xmn^>'m.m^mtBL. 
Qi2©=ib^^i76 Kifci-tsiifisom^Mffi*^^"*- ;nti»i:Q 

13©x$y*181 t3j3C-tS«JEE«r«^-T4o £*5*i'IB*160 fcW>7h h 
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1 3fcK*5J|Ml*h^>^^^Ql 2«fiJ»l**-f*o L*»Lft**e>, -H5> 



>^*?Q 1 4©^-Xl82 f±ffi^^l66 tittSn, 1^*183 \±M 

V^lffiIV cc Cgl$H, -tflDJi^ y ^184 t±««E«gI s3 c*6ttan*o h 
^y^X^Q 1 5 09^ — ^186 fciiS y ^ 184 £gMft3*U 1^*188 f± 

t± h ^Vv^^Q 1 5£>:3 U^*U88 T^aiSfU ^ y * 7 * uTA-v 7 t h 
7y-^7^Ql 6 * 192 'vftlSSnS, Q16CD^U^^194 f±IE<Z)ift*& 

Sj^-F-f y t°-y>X*m%L-?Z>tzlsb. R 6 ©J£*ittR 7 ©i£#i;«fc 

l, -=enK:«toTai*ss^i64, 166 ti^ns^- f^ vtr-^v^iiR 
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i|ig^CDS^At;200 fc#S4Etfi:fc202 ©Mil, Jf(H*©#ES*EA#204 i:S*5ttJ 

*206 ©Hc^n^nsaRsnxv^ m©sin;R8, R9&*r-rs2£»it«»- 

198 £, JB«»©S<EA:&210 HftRmtiiUZW ©|H3£, *BII*&©#SteA:&21 
4 £M^fctS;fr216 ©HC^n^ngaRSnTV^ l^t/O^CS, C6S: 

5&-rsniijiiw«208 £=&^-A,-ei^ 0 mftznti'm&.m^xi ' (t) coiecdoj 

tt*iW»©#K<EA;*7204 £214 ^B»Sn, x (t) ©A©tel«*B«S*©S*i 
A#200 £210 Atl&Sn^, *B«»©ffi^7tiraW«Tli>&:Gin-fe^216 £218 
^ti^nmmzn, Gm-tr;W©£i|Em#220 £222 &±A©iSH=-224 C*5V^te£- 

sh, m r7*5nxv^:i:^ts©22©ii©#j^iEib£n£o iw^, Gm-t 

;K&S*EA27226 £228 te!E©i^230 ir^l^Tf^Sn*,, PUBRTffi^cGm-fe 

-F^'^;v-^^kti>J:-5[:x ' (t) ^feffljgaE&ftJn U cintt- 
18 0° £+18 0° £(Z)IHn?&*o 0U*«\ Gmt^216 ©h7>^3>^^ 
^>X^-tfa^^^$n. -tr;U218 © h -7 > * 3 >^ * A*IE-e&£fc: £># 

0 Gm-t;W216 © h 7 =» * >^* ? jE^*> K> , -tr^218 ©h^ 

^S^££M^£3iJ©Pll^ffi&Gm-fc;V240 ^LT^-5 0 Gm-tr;U240 t± 
BI6^SnTV>*^ >f ^ , ©|5|5S^Iti^Gm-fe;U242 &<gX-T?l>So Gm-tr;U24 
2 !iF7>73y0^yxGml S@^LfcGm-t;U244 £, WAK^HI 

^tt246 £, S)^-&lH]gS248 £^-A,T:l^o mtR "Stfett Gm-fe ;U242 l±@5£L;fc 
Gm-fe ;K392tE»A;fr250 C#3lt*«£E«-^v (t) £, «SfE#«USItt©A#252 
C:fcW*flJ»«ffite^V c ©tJM&CJfcgU -*nc«fcoTWte-k@l5©!£Sfrai272 
54 C*5V^T"TIE© h ?>X±Gm 1 Gm-fe;U240 

tt h 7y*ny^*>*Gm2£*T$2iJ©III^LfcGm-fe;l'256 £, Iffft 
(t) £S^lE]SS©ll«Jl±i*254 fc©racjg^Jjgtt£n-Cl^/W 7 7 25 
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-^y^«r«jptsfcAcffifflsna. ^itit, ^«jai*254 -ej^naik 

«t^WS*246 ^Ilt§©-(:\ #Iltt#«'>§n5o fllAtf, Gm 1 =Gm 

2 = i/2Gf -efcs&e>fcr, ^h^^^^^^xteo^Gf ©teffl^e 
J; -5 0 
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